frequently identified allele was bla (53/111, 48%), followed by: bla CTX-M-55 (24/111, 1 3 9 22%), bla (17/111,15%) , bla (14/111, 13%) and bla (3/111, 3%). Two bla SHV genes were identified in 15/17 K. pneumoniae, including bla SHV-1/ SHV-1-like (3/15, 1 4 2 20%), bla (4/15, 27%) , bla (1/15, 7%), bla (1/15, 7%), bla 1 4 3 (3/15, 20.0%) and bla (1/15, 7%), bla (1/15, 7%) and bla (1/15, 7%). All eight bla CMY-2/CMY-2-like genes were found in E. coli. The study population carriage prevalence (78/148), 9% bla SHV (14/148), 1% bla VEB (1/148), 5% bla CMY-2 (8/148), 1% bla DHA (2/148).
4 7
Two individuals (1%) carried isolates with bla OXA-48 (one K. pneumoniae ST48 and one E. IS26-associated ISEcp1 disruption events (Table 2) . Intact ISEcp1 were flanked by variable 1 7 6 lengths of Tn2 sequence, apart from 120P1 where the contig was truncated immediately at 1 7 7 the 5' end of ISEcp1. One isolate (2P1) had the same bla CTX-M /Tn2 unit as for bla (but   1  7  8 with TACTC-TAAAA), consistent with the evolution of bla CTX-M-55 from bla (1 SNV 1 7 9 difference) within this unit (Figs.3, 4) . For the 15 E. coli harbouring bla , it was chromosomally located in 2 (13%) cases, 1 8 2 plasmid-associated in 5 (33%), and unknown in 8 (53%). Again, it was invariably associated ISVsa5-like sequence, one IS1S R IRR). All cases had an IS903 element at the 3' end of bla ; this had been disrupted in 6 cases, with additional contig breaks in 5 cases 1 8 6 (Fig.5) . Two of three E. coli bla contexts were chromosomal, with flanking contexts 1 8 7 similar to bla (Fig.S1 ). In the 12 bla CTX-M-27 cases, the ISEcp1 element had been context of this structure was indeterminable in all cases (Fig.S2 ). Overall, bla CTX-M was chromosomal in 13/92 cases (14%; 13/25 [52%] cases where plasmid 1 9 2 versus chromosomal location could be assessed), suggesting that CTX-M genes may be 1 9 3 incorporated chromosomally and indiscriminately in significant numbers of colonising E. population. For K. pneumoniae, 12 isolates harboured bla , in a plasmid-associated context in 9/12 1 9 8 cases, and an unknown context in 3/12 cases. Three isolates harboured a complete bla CTX-M-1 9 9
15 /Tn2 complex with GTTAA-GTTAA TSS, most consistent with a direct transposition of 2 0 0 this element into a plasmid context. In the other isolates, the ISEcp1-bla CTX-M-15 -ORF477 was 2 0 1 flanked by variable stretches of Tn2-associated sequence identical to that found in the E. coli 2 0 2 isolates, and similarly truncated either as a result of contig breaks, or by IS26 inverted 2 0 3 repeats, consistent with between species and within species mobilisation (Fig.S3 ). Four K. pneumoniae isolates harboured bla CTX-M-9 group genes; two of these (bla CTX-M-14 ) 2 0 6 shared the same ISEcp1 ( (bla ) an ISEcp1 element truncated at position 1499 by an IS26 L IRR (Fig.S2 ). We observed significant gastrointestinal carriage prevalence of both ESC-R-EC and ESC-R- colonised with ESC-R strains of both species. A wide diversity of ESC-R strain types was 2 1 3 observed, including several genotypes categorised as "high risk" clones, such as E. coli STs 2 1 4 38, 405, 131, 354 and 648(13) . The predominant ESC-R genotypic mechanism was bla CTX-M , 2 1 5 with the major allelic variants being those widely described elsewhere in Asia (Group 1:
bla CTX-M-15, -55 , Group 9: bla ). Approximately one-third of the Cambodian 2 1 7 population is <18 years old, so this group may be acting as a significant reservoir for the 2 1 8 spread of anti-microbial resistant organisms. We did not observe particularly high rates of 2 1 9 colonisation with carbapenem-resistant isolates (2 (1%) individuals), but one of these was an 2 2 0 out-patient, with an OXA-48 E. coli isolate, and without any known chronic health problems, the use of antibiotics on admission given the high burden of infectious diseases in this region. as well as nosocomial acquisition (23%)(12). In-patient acquisition of ESC-R-EC/KP has also 2 3 2 been identified as a major problem in other low/middle-income settings(15). The specific 2 3 3 effect of faecal parasites on gut microbiota is not well-studied, but they are thought to attendance has been observed in a previous study in Spain (17) , and may represent a proxy 2 3 8 marker for increased socio-economic status, and parental levels of education, which were not 2 3 9 evaluated here, but may translate into better awareness of appropriate antibiotic use (18, 19) .
The decreased risk associated with male gender is unexplained; but independent associations 2 4 1 for ESBL-EC/KP colonization have been described for both genders in previous studies(15, Of particular importance was the high prevalence of chromosomal integration of bla CTX-M was not observed in our study, although it has been seen in Spain(22) . In addition, despite the This study has several limitations. Our survey dates from 2012, and the epidemiology of ESC-R; nevertheless, we were still able to ascertain that the genetic contexts of these 2 6 3 resistance genes are extremely diverse. Our outpatient study population may not be truly
representative of healthy children in the community, given that these individuals had 2 6 5 presented to the outpatient department for some form of medical review. Lack of more 2 6 6 detailed information on some potential risk factors meant we were unable to fully assess the acquisition and long-term carriage dynamics of these strains would be valuable. In addition, 2 7 0 our sample size was too small and sparse to investigate geographical clustering of strain 2 7 1 types, and to investigate specific risk factors for colonisation with common strain types or 2 7 2 resistance gene alleles. Despite these limitations, our study adds to the growing body of literature demonstrating Asia(8), and showing that exposure to this reservoir may in turn act as a source for the wider, global transfer of these strains(27). The genetic contexts of important resistance genes are 2 7 8
highly mosaic, consistent with rapid exchange of resistance genes within and between 2 7 9 bacterial hosts. Significant levels of chromosomal integration of the most important ESC-R 2 8 0 gene family, bla CTX-M , were also observed, and may result in these genes being stably Samples were frozen at -80°C as aliquots homogenised in 0.9% sterile saline with 10% 2 9 2 glycerol within an hour of receipt in the laboratory. For this study, faecal samples were
thawed, and aliquots diluted 1:10 in saline and incubated for 16 hours at 37°C on Orientation
CHROMagar (BD, Oxford, United Kingdom) with 10 µg cefpodoxime and 10 µg imipenem dark blue colonies with different colonial morphotypes that grew within the cefpodoxime 2 9 7
zone of inhibition (presumed ESC-R-EC and ESC-R-KP respectively) were selected for
further analysis. Each selected colony was tested using the British Society of Antimicrobial Chemotherapy (BSAC) combination disc method to identify whether cefpodoxime (ESC) identified ESC-R colonies were stored frozen at -80°C in nutrient broth with 10% glycerol. Whole genome sequencing and sequence data processing
DNA was extracted from sub-cultured ESC-R isolates using a commercial kit (Fujifilm
Quickgene, Japan) with an additional mechanical lysis step (Fastprep MP Biomedicals, 3 0 8 USA). All isolates were sequenced using the Illumina HiSeq 2500, generating 150bp paired-
end reads. Sequence data have been deposited in GenBank (project accession: Alignments of variable sites were padded to the length of the reference genome using bases
with the same %GC content as that observed within each dataset. Bootstrapped, maximum-
likelihood phylogenies were reconstructed for each species using RaxML version 7.7.6(31), (./RAxML-7.7.6/raxmlHPC-PTHREADS-SSE3 -f a -s <input_alignment.phy> -m
GTRGAMMA -p 12345 -c 4 -x 12345 -# 100 -n <output_raxml_rapid_bootstrap>).
Phylogenies have been deposited as projects in MicroReact to enable an interactive 3 2 2 assessment of geographic distribution of genotypes (E. coli:
https://microreact.org/project/By8bf5ajg; K. pneumoniae:
https://microreact.org/project/Hy_yQcaog(32). Contigs were assembled using Velvet/VelvetOptimiser (hash value range: 75-149)(33, 34). In MLST schemes for E. coli and K. pneumoniae (36, 37) , and supported correct species identification. The presence/absence of resistance genes was determined using BLASTn and resistance genes were treated as a single entity within the individual's profile. The genetic context of bla CTX-M was examined by extracting the contigs containing these 3 3 8
genes, and annotating these using PROKKA(39), combined with BLASTn and manual other annotations matched only plasmid sequences; or unknown if these conditions were not 3 4 4 met e.g. the assembled contigs were too short to verify this. Reap province versus elsewhere, water source (river, rain, well, bottled, piped, boiled), antimicrobial activity(41). Independent risk factors for carriage were identified from a multivariable, stepwise, logistic elimination using exit p<0.1 to reduce over-fitting). A final multivariable logistic model was Phylogeny of study Klebsiella pneumoniae isolates. Interactive map of geographic locations ¥ Backwards elimination performed using 144 cases for which complete information available, on all predictors, using exit p≤0.1. Infect 12:279-284. 
